The macrophage resistance gene NRAMP1 regulates priming/activation of macrophages for enhanced TNFa, ILIl, and MHC class II expression. Since all of these functions are of potential importance in the induction or maintenance or both of autoimmune disease, samples from the Arthritis and Rheumatism Council's repository of multicase rheumatoid arthritis families were typed for a dinucleotide repeat in the NRAMP1 promoter region and four other 2q34 (TNP1) or 2q35 (IL8R, VILl, DES) marker genes.
Two questions of fundamental importance in rheumatoid arthritis are (1) Functional studies indicate that Nrampl regulates, and acts early in the pathway to, macrophage priming/activation for antimicrobial activity.5-7 The gene therefore has many pleiotropic effects on macrophage function, including differential upregulation of the early response gene KC, a neutrophil chemoattractant belonging to the C-X-C family of small cytokines, as well as TNFa, IL1,B, inducible nitric oxide synthase, and MHC class II expression, leading to higher levels in resistant macrophages. All of these functions are of potential importance in the induction or maintenance, or both, of autoimmune disease. Hence, an animal resistant to intracellular pathogens may be susceptible to autoimmune disease. A number of agents may trigger Nrampl regulated macrophage responses, including interferon y, bacterial lipopolysaccharide (LPS), and mycobacterial lipoarabinomannan (LAM). A role for NRAMP1 in rheumatoid arthritis would therefore also be consistent with evidence for a bacterial/ mycobacterial aetiology,' '3 either as a trigger for autoimmunity or as an agent for the perpetuation of disease.
To test the hypothesis that NRAMP1 influences rheumatoid arthritis, samples from the Arthritis and Rheumatism Council (ARC) Repository were typed for a dinucleotide repeat in the NRAMP1 promoter region" and for polymorhisms at four other 2q34/35 genes, and the data analysed using an affected sib pair maximum likelihood identity by descent (IBD) method of linkage analysis and transmission disequilibrium testing.
Material and methods
Families from the ARC National Repository have been described in detail by Worthington et al'4 and Hay et al'5 including diagnostic criteria and family structures. In this study, 61 nuclear families from the repository were analysed, described in Worthington et al'4 as families 001-046,051-066,075-109, 129-182,196, 198-201, 205-210, 237, 238, 309 , and 319. Five of these families had three affected offspring and one family had four affected offspring, giving a total of 76 affected sib pairs (although a weighting factor was applied in sib 1. Affected sib pairs whose IBD status is known exactly plot at the vertices of the triangles. The plotting positions of pairs calculated using maximum likelihoods reflect the relative probabilities of their assignments. In the left hand figure, the plotting positions for the probabilistic IBD assignments assume the null hypothesis (no linkage, 0.25:0.5:0.25). This plot represents Table 2 Summary of IBD sib pair analysis using SPLINK After weighting, the 76 affected sib pairs equated to 65-68 independent sib pairs contributing to the analysis for different genes. Effective sample size is calculated by SPLINK as the equivalent number offully informative sib pairs. X2 = likelihood ratio chi-squared test statistic. MLS = maximum lod score, p = probability, PIC = polymorphic information content Figure 1 Contributions of individual families to IBD haplotype sharing probabilities. An affected sib pair whose IBD status is known exactly is plotted at the vertices of the triangles. The plotting position of other pairs depends on the relative probabilities of their assignments. All 59 families informative for the three locus haplotype contribute to the maximum lod score. Open circles indicate single sib pairs while closed circles indicate the contribution of more than one sib pair. In the latter case the number ofpairs is shown alongside the plotting point. When the IBD analysis was repeated for NRAMP1 alone (table 2), the maximum lod estimates of the IBD sharing probabilities were (0.127:0.420:0.453), again giving a likelihood ratio chi-squared test statistic of 4.64 and a MLS of 1.01. Hence, even without the additional polymorphic information content which the haplotype provides, a positive association between NRAMP1 and susceptibility to rheumatoid arthritis is observed. In contrast, no linkage between rheumatoid arthritis and the markers either proximal (TNP1) or distal (DES) to the three locus haplotype (table 2) was observed, even though the polymorphic information content for these markers was higher than for the NRAMP1 promoter region polymorphism.
TRANSMISSION TESTING While NRAMP1 is a candidate locus, and linkage has been established to 2q35, it is possible that another gene in the region of the three locus haplotype is responsible for susceptibility. To address this issue, transmission of alleles from heterozygous parents was examined for the five 2q34/35 genes using the same set of families ( In previous studies, polymorphic HLA haplotypes have been shown to contribute to disease susceptibility in rheumatoid arthritis, either through the direct role of MHC class II molecules in presenting antigen to autoim-mune T cells or through linkage disequilibrium with polymorphic elements regulating TNFox production. 34 The possible interaction between NRAMP1 and MHC class II regulation of disease susceptibility is of particular interest. One hypothesis for polygenic control in rheumatoid arthritis is that non-MHC genes determine susceptibility to disease per se and act early in the induction phase of autoimmunity, whereas HLA determines disease severity through modulation of T cell responses to particular antigens. 35 The reactivity against non-conserved epitopes of hsp65 cannot be accounted for by cross reactions with the human homologue. Again, the interaction between NRAMP1 and MHC class II molecules in directing the T cell response to bacterial/mycobacterial antigens may be of particular importance in initiation and maintenance of disease.
The primary function of NRAMP1 remains unknown. While its molecular structure is compatible with a transport function, the presence of an SH3 binding domain at the N-terminus of the molecule points to a role in signal transduction.9 In the murine system, the final effector mechanism for antimicrobial activity relies on induction of nitric oxide synthase and generation of nitric oxide.7 This, or any one or combination of the multiple pleiotropic effects of the gene, would be sufficient to account for a role for NRAMP 1 in regulating autoimmune disease.
In this study, only 47% of families had one (16%) or both (31%) parents of affected sibs available for study, reducing the power of our analysis in terms of equivalence to fully informative affected sib pairs (table 2) . This is a general problem in late onset diseases. Our results are therefore preliminary, and require confirmation in additional datasets before the real contribution of NRAMP1 to disease susceptibility in rheumatoid arthritis is known. Functional studies analysing NRAMP1 expression in synovial tissue macrophages would also be of interest, as well as studies comparing activation phenotypes in macrophages from people bearing different NRAMP1 genotypes. These continuing studies of NRAMP1 in rheumatoid arthritis patients and families provide an exciting basis to further genetic and functional characterisation of disease susceptibility.
This work was supported by grants from the Arthritis and Rheumatism Council and the Wellcome Trust. We would like to thank Dr Bill Ollier, ARC Epidemiology Research Unit, Manchester University, for his help in making material available from the ARC Repository.
